The purpose of this study was to design the formula and antioxidant potential of gluten-free oat drinks fortifi ed with bioactive plant components. The paper describes the use of three preparations of plant origin: yellow tea leaf extract, mulberry extract and steviol glycosides from stevia leaves. Analyses of the oat drinks basic composition -including proteins, lipids, carbohydrates, dietary fi ber fractions and antioxidant properties with DPPH, ABTS, ORAC and FRAP assays were conducted. Tea extract with steviosides oat drink showed the highest total phenolic concentration and the highest antioxidant activity followed by stevia and mulberry oat drink, whereas stevia oat drink showed the lowest phenolics level and weakest antioxidant activity. Moreover, the applied plant components showed moderate ability to infl uence the sensory values of the fortifi ed oat drinks. The results demonstrate that tea, stevia and mulberry preparations applied in oat drinks enhanced antioxidant potential and might be a natural source of antioxidant components.
INTRODUCTION
The role of nutrition in the modern world is constantly changing. Food was once seen as a product to keep people alive, and satisfy their hunger, and as a prerequisite for their proper physical and mental development. Results suggest that a properly designed food may serve in the prevention and even treatment of diabetes and celiac disease. In addition, this food would be proposed for the whole population or individuals of the appropriate age, or with an increased risk of the disease [Pang et al., 2012] .
Oats (Avena sativa) are a well-recognized source of balanced protein, soluble fi ber, minerals and vitamins, as well as polyphenolics and avenanthramides [Butt et al., 2008] . Industrial oat manufacture concentrates mostly on processing oats into fl akes, groats, bran and fl our, which are further used in food production or cooking. The main oat fi ber fraction, β-glucans, reduces glucose levels in the blood of people with type II diabetes and in obese people, additionally, the main oat fraction is a probiotic [Behall et al., 2005] . Studies on the effect of oat drinks on the human body show a positive effect on the level of total cholesterol and the LDL fraction, resulting in a reduced risk of coronary heart disease, hypertension, and colorectal cancer [Önning et al., 1999] , and are recommended in a gluten-free diet [Hüttner & Arendt, 2010 ].
The addition of plant preparations is a frequent practice in the food industry. The most popular plant used in diabetes treatment is mulberry (Morus alba), consumed as dried fruit or in the form of leaf infusions, as well as dietetic supplements. Not without signifi cance is the content of polyphenolic compounds, such as: quercetin-3-O-(6-malonylglucoside) kaempferol-3-O-(6-malonylglucoside), isoquercitrin, rutin, astragalin, tannins, coumarins (skopolin and skimin), and phenolic acids (chlorogenic and caffeic) [Ercisli & Orhan, 2007] . The biologically-active ingredients of mulberry leaves are antidiabetic alkaloids, mainly 1-deoxynojirimycin (DNJ) and its derivatives, inhibiting enzymes responsible for sugar degradation and preparation for absorption [Vichasilp et al., 2012] . Research has shown that the consumption of a mulberry leaf infusion suppresses postprandial glucose and reduces insulin secretion, prevents oxidative stress, furthermore, its components could inhibit the formation of cancer, act as an anti-allergic, anti-obesity, and antiatherogenic agents, and decrease Alzheimer's disease risk by inhibiting the neurotoxicity of betaamyloid [Kimura et al., 2007; Niidome et al., 2007] .
Another well proven antioxidant source are tea leaves (Camellia sinensis), characterized by a low nutritional value and containing strong antioxidants, mainly catechins and alkaloids (caffeine), which exert a wide-ranging physiological infl uence on the human body [Gramza-Michałowska, 2014 ]. Tea components participate in the prevention of arteriosclerosis, cancer and are strong antioxidants in terms of the presence of both radicals and lipids. Simultaneously, tea brews exert Phytonutrients in Oat (Avena sativa L.) Drink: Effect of Plant Extract on Antiradical Capacity, Nutritional Value and Sensory Characteristics a high health-promoting impact, a benefi cial effect on gastrointestinal tract function, facilitate digestion, urinary tract and kidney protection, act as a diuretic, infl uence the nervous, respiratory, circulatory and cardiovascular systems, by lowering blood pressure, and show strong bactericidal and bacteriostatic activity [Sajilata et Stevia leaves (Stevia rebaudiana Bertoni) have a distinctive sweet fl avor, nearly 40 times sweeter than sucrose, with a low energy contribution. They contain compounds with a similar structure relative to each other, identifi ed as steviol glycosides: rebaudioside (A, B, C, D, E and F), stevioside, steviolbioside, dulcoside A, and rubuzozide. The results of many studies have shown that stevia may have an impact on reducing blood pressure levels and may assist in diabetes treatment, particularly type II, exhibit anti-bacterial, anti-immunomodulatory and anti-oxidative activity [Gregersen et al., 2004; De et al., 2013] .
The functional food market is looking for the new products, containing natural additives that are non-toxic in traditional dosage, and implement some health value to the daily diet. Since the consumption of lactose-free products became an increasing trend, the oatmeal drinks with the addition of natural components could be the answer to the growing consumers demand for health-promoting food with biological activity and a high nutritional value. Therefore, we decided to investigate the nutritional value and antioxidative activity of oat drinks enriched with tea and mulberry extracts, sweetened with stevia components in order to confi rm potential health benefi ts and sensory value of products recommended for consumers suffering from lactose intolerance, cardiovascular diseases, diabetes, and those who are health conscious. The antioxidant potential of some oat products and preparations has been demonstrated. However, there is no report about antioxidant activities of oat drinks fortifi ed with plant components with a high biological infl uence. In this study, the antioxidant potential of enriched oat drinks was examined for the fi rst time. The purpose of this study was to establish formula and antioxidant potential of oat drinks enriched with bioactive plant components recommended both for consumers with diabetes and as a gluten-free drink.
MATERIALS AND METHODS

Plant material
The tea (Camellia sinensis) extract was prepared according to the method presented by Gramza-Michałowska et al. [2015] . For the purpose of the research, dried leaves of yellow tea Kekecha were purchased from supplier, originating from certifi ed cultivation in China Guangdong province. Mulberry leaves (Morus alba L. Polish variety: Wielkolistna żółwińska), originating from certifi ed cultivation of Institute of Natural Fibers and Medicinal Plants, Poznan, Poland, were harvested fresh. Prior to the extraction, mulberry leaves were dried at a temperature of 60±1°C, and ground to a powder. Extraction procedure included water extraction at 85°C (1:10 w/v), afterwards the liquid was concentrated (75°C, for 7.5-10 h at 0.6-0.8 MPa) and freeze-dried. The powdered extract was stored in a freezer until analyzed. Aqueous extract yield was as follows: yellow tea -21.2%, and mulberry leaves --6.7%. Steviol glycosides (Stevia rebaudiana) were added in the form of a commercially-available sweetener (E 960, Cargill, USA).
The basic ingredient for designed drink preparation was oatmeal (Avena sativa) with the following nutritional value: energy -1530 kJ/366 kcal, protein -11.9%, carbohydrates -69.3%, and lipids -7.2% (Stoislaw Mills, Poland). Dried oatmeal (200 g) was sorted and soaked in 650 mL of ddH 2 O for 12 h at ambient temperature. In the next step, the solids were removed and the liquid was separated. The ready-to-consume oat drink was mixed with additives until complete dissolution and then stored. Plant extracts were added in optimized concentrations: mulberry (0.5% w/v), yellow tea (0.3% w/v). Selected samples were also sweetened with steviol glycosides (0.75% w/v). Optimization process was conducted according to sensory evaluations of the fi nal product. The range of the applied concentration was 0.1-5.0% mw/v (data not presented). Ultimately, oat drink composition that received consumers acceptance had been chosen for further research. To evaluate changes in the antioxidant activity during oat drink storage, the samples were stored in a cooler (4-7°C), and protected from light for 5 days. Oat drinks were fi ltered with syringe fi lters (Membrane Solutions PTFE 0.45 μm), and the supernatant was stored in a dark, cool place prior further analysis.
Chemical analysis
The chemical composition of the oat drinks with additives included protein, lipid, carbohydrate and fi ber contents. Protein content was determined with the Kjeldahl method using a conversion factor: 6.25 for cereal [AOAC 1995] . Lipid content of freeze-dried drinks was determined with the Soxhlet method [PN EN ISO 3947:2001P]. Ash content was determined after complete burning of the sample in an oven (Nabertherm Controller P320) [PN A-79011-8:1998 ]. Total (TDF), insoluble (IDF) and soluble (SDF) dietary fi ber content was evaluated enzymatically according to the Asp's method [Dziedzic et al., 2012] . The assumption of the method is based on dietary fi ber determination under conditions similar to those found in the human alimentary tract with the use of the following enzymes: α-amylase, pepsin and pancreatin, and performed using a Fibertec 1023 System apparatus.
Total phenolics content (TPC) was determined according to the method presented by Shahidi & Naczk [1995] , involving the Folin-Ciocalteu reagent and the reduction of colored complexes at λ=725 nm (SPECORD® 40, Analytik Jena). The results of TPC content assays were evaluated based on the standard curve (y=2.6654x-0.0441, R 2 =0.9959), and expressed as mg of ferulic acid equivalents (FAE)/100 g product.
The DPPH radical scavenging effect of oat drinks was determined according to the procedure described by Sanchez-Moreno et al. [1998] . The decrease of samples absorbance was measured at λ=515 nm (SP-830 Plus, Metertech). The violet color of the DPPH
• solution (2,2-diphenyl-1-pic-rylhydrazyl) is diminished in the presence of free radical scavengers. The DPPH radical scavenging percentage was evaluated based on the standard curve (y=336.62x-0.3583, R 2 =0.9998), and presented as mg of Trolox equivalent (TE) in 100 g product.
The ABTS +• scavenging activity of oat drinks was measured according to the TEAC assay (Trolox Equivalent Antioxidant Capacity) [Re et al., 1999] . The assay is based on the spectrophotometric measurement (λ=734 nm, SPECORD ® 40, Analytik Jena) of antioxidants ability to scavenge the blue-green colored ABTS radical cation formed from ABTS (2,2΄-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) by oxidation with potassium persulfate. The ABTS radical cation scavenging percentage was evaluated on the basis of the standard curve (y=673.24x-0.3573, R 2 =0.9998), and expressed as mg of Trolox equivalent (TE)/100 g product.
The Ferric Reducing Antioxidant Power assay (FRAP) is based on the ability of components with reducing potential to reduce the TPTZ complex (Fe(III)-2,4,6-tri(2-pirydyl)-striazine) into Fe(II)-TPTZ [Benzie & Strain, 1996 ]. The assay is based on the spectrophotometric measurement of the intensity of the produced blue color (λ=583 nm, SPECORD® 40, Analytik Jena). The FRAP values were evaluated on the basis of the standard curve (y=0.6882-0.0086, R 2 =0.9996), and presented as mg FeSO 4 /100 g product.
The Oxygen Radical Absorbance Capacity Assay (ORAC FL ) is based on the procedure reported by GramzaMichałowska et al. [2016] . The assay is based on the ability of the antioxidants to scavenge peroxyl radical using a fl uorescein solution (FL). Readings were made in a fl uorescence spectrophotometer (Hitachi F-2700) at an excitation wavelength of 493 nm and an emission wavelength of 515 nm. The results were evaluated on the basis of a standard curve for y=0.6424x-4.5062 (R 2 =0.9828), and expressed as μmol/L of Trolox equivalents (TE)/100 g product.
Sensory evaluations
The analysis of oat drinks with additives was conducted with a 33 member consumer panel, using a hedonic, unstructured scale (1-10) with border variants [ISO 11136:2014] . Sensory evaluations were conducted in a 6-station sensory analysis room; all the consumers were trained prior the testing procedure. The panelists were asked to evaluate the products for taste, consistency, aroma, color and overall acceptance in three different sessions. The ratings were made on a 10-point hedonic scale, ranging for each attribute from 10 (like extremely) to 1 (dislike extremely). Mean, variance, and standard deviation measures were calculated for all the attributes of each sample and session separately.
Statistical analysis
All values represent the means of three independent experiments performed in three repetitions. Data were analyzed using one-way analysis of variance ANOVA (p<0.05) to determine differences between the mean values determined for the tested samples as well as Tukey's multiple-range test. Pearson correlation coeffi cients were determined as well. Differences were considered signifi cant at p<0.05. Statistica TMPL 10.0 software (StatSoft) was used for the analysis.
RESULTS AND DISCUSSION
Growing evidence showing the incidence of common civilization diseases has resulted in the undertaking of research aimed at fi nding food ingredients freely available and cost--effi cient with potential health-promoting effects. Food may be responsible for these properties, especially food rich in phenolic compounds and dietary fi ber. Many research have shown the high health-promoting impact of phytonutrients from white mulberry, tea catechins, and stevia [Nam et al., 2012] .
The proximate chemical composition of oat drinks is presented in Tables 1 and 2 . Analysis of protein content showed the highest content in the sample with the addition of steviol glycosides + mulberry extract, and steviol glycosides + tea extract (0.683 and 0.670 g/100 g, respectively), while the lowest one in the sample with the addition of mulberry extract (0.404 g/100 g). The lowest lipid content was also determined in the sample with the addition of mulberry (0.216 g/100 g), while the highest was found in the sample with the addition of steviol glycosides (0.391 g/100 g). The differences in lipid content noted between oat drinks with mulberry and oat drink with tea extract were smaller than in the other samples due to a low concentration in the applied aqueous plant extracts. However, the addition of steviol glycosides reduced the differences in comparison to the control sample. The differences could be due to the applied ratio of additives, which in conclu- sion infl uenced nutrient contribution. Carbohydrate content was the highest in the samples with steviol glycosides and steviol glycosides + mulberry extract. The highest ash content was determined in oat drinks with the addition of mulberry extract (0.235 g/100g), while the lowest was in the control sample (0.064 g/100g), suggesting a higher mineral content in the mulberry than in the tea extract.
Dietary fi ber was determined as the total (TDF), soluble (SDF) and insoluble (IDF) fractions. The highest total fiber content was determined in the oat drinks with the addition of steviol glycosides + tea and with steviol glycosides + mulberry (1.260 and 1.206 g/100 g, respectively), while the lowest was found in the drink with added mulberry extract (0.741 g/100 g). The analysis of the soluble fraction indicated the highest fi ber content in the sample with the addition of steviol glycosides + tea extract (0.621 g/100 g), while the lowest was in the sample with the addition of mulberry extract (0.199 g/100 g). The highest, similar to the control sample, content of the insoluble fraction of dietary fi ber was determined in the sample with the addition of steviol glycosides + mulberry extract (0.854 g/100 g), while the lowest IDF content was found in the samples with added mulberry (0.542 g/100 g) and tea extracts (0.553 g/100 g).
Differences in protein content between oat drinks with steviol glycosides and that with mulberry could be due to different percentages of additives used and further proportions, which infl uenced the ratio between each of the analyzed components. However, the interactions between polyphenols and protein are also likely to occur. There are different types and mechanisms of polyphenols-protein interactions which lead to polymerization and undesirable decrease in protein solubility [Prigent et al., 2009] . These changes include crosslinking of the proteins, and further change of the protein molecules net charge, affecting their solubility. It also applies to the hydrogen bonding and non-polar hydrophobic interactions resulting in precipitation of proteins with tannins, and making them insoluble and indigestible [Duodu et al., 2003; Ozdal et al., 2013] . It was also observed that the polyphenols-protein interactions infl uenced the total antioxidant activity [Ozdal et al., 2013] .
Results obtained for the total phenolic compound (TPC) content showed a high impact of the plant extracts added (Table 3 ). The content of TPC in fortifi ed oat drinks ranged from 61.94 to 707.20 mg FAE/100 g. The highest TPC content was determined in the sample with the addition of steviol glycosides + tea extract and in the sample with tea extract (707.2 and 620.15 mg FAE/100 g, respectively), while the lowest was in the control sample and oat drink with steviol glycosides (61.94 and 61.94 mg FAE/100 g, respectively). The storage of oat drinks for 120 h signifi cantly decreased total phenolics content, i.e. by approximately 8-56% (p<0.05). The greatest decrease was determined in the sample with the addition of steviol glycosides + mulberry extract (56.4%), while the lowest was in the sample with the addition of mulberry extract (8.2%). It was noted that the addition of mulberry extract and the simultaneous addition of steviol glycosides with tea extract inhibited the decrease in the phenolic compounds content, while the simultaneous addition of steviol glycosides with mulberry extract negatively affected the retention of these compounds in oat drinks. A comparison of the additives effect on the total phenolics content confi rmed its signifi cant increase in samples fortifi ed with tea and mulberry extract. Research have shown that tea extracts contain a signifi cant amount of polyphenols, mainly catechins (EGC, C, EC, ECG, GC, GCG and EGCG), they were also shown to contain gallic acid, caffeic acid, rutin and quercetin [Kujawska et al., 2016] . Also, the mulberry extract is characterized by a signifi cant content of polyphenols, ranging from 345.20 to 631.53 mg GAE/100 g, with the predominant ones being: caffeic acid, quercetin-3-O-rhamnoside, quercetin-7-O--glucoside, kaempferol-7-O-glucoside, quercetin-3-O-glucoside and kaempferol-3-O-(6-malonyl)glucoside [Thabti et al., 2012] . Results reported by Le Bourvellec et al. [2012] showed interactions of polyphenols with cell walls of fruit, and led to a conclusion that procyanidins are retained in the tissue, whereas others migrate into the cooking water. The interaction between tannins and cell walls was also discussed, suggesting no relation to protein, but pectin content. The abovementioned interactions could have a signifi cant impact on product's fi nal antioxidant activity. It has been proven, that phytonutrients like proteins, carbohydrates and lipids have a very complex structure which links polyphenols and in result changes their availability for radical scavenging assay evaluations [Jakobek, 2015] . Research of Riou et al. [2002] suggested co-aggregation between polysaccharides and tannins, which infl uenced the properties of wine.
The antioxidant activity of the oat drinks was determined in this study using the following antiradical activity assays: DPPH, ABTS, and ORAC tests and the ability to reduce ferric ions via FRAP. The results of the above analyses are presented in Table 3 . Evaluation of the DPPH radical scavenging ability showed a high activity of the additives used. Plant extracts addition to the samples allowed a 20-30% increase in the antioxidant activity in comparison to the control sample. In terms of DPPH, the radical scavenging ability of oat drinks may be ordered as follows: steviol glycosides + yellow tea extract > yellow tea extract > mulberry extract = steviol glycosides + mulberry extract > control sample > steviol glycosides. After 120 hours of storage in the cooler, it was found that the simul- taneous addition of steviol glycosides with mulberry extract and steviol glycosides with tea extract signifi cantly affected the DPPH radical scavenging ability. The addition of steviol glycosides resulted in a signifi cant reduction of the oat drink phytonutrients antiradical capacity in comparison with the unfortifi ed oat drink (77.8%). The analysis of oat drinks ability to scavenge the ABTS radical cation showed the high activity of the additives used. It was shown that the addition of plant extracts allowed a 5-fold increase in the antiradical activity. The highest activity in the TEAC assay was determined for the sample with the addition of steviol glycosides + tea extract (1328.11 mg TE/100 g), followed by mulberry (1198.9 mg TE/100 g), while the lowest was for the sample with steviol glycosides (130.1 mg TE/100 g). The addition of mulberry and steviol glycosides resulted in a signifi cant reduction in the antiradical capacity of the stored beverages (24 and 22%, respectively). Other studies on the antioxidant activity of oat products indicated that oatmeal possessed the highest ABTS radical cation scavenging capacity (3.2 μmol TE/g); however, it was inferior to oat cereal in terms of DPPH radical scavenging capacity [Yu et al., 2002] . Total phenols content was twice as high in oatmeal as in oat cereals (0.52 and 0.27 mg GAE/g). Sun et al. [2006] investigated the antioxidant activities of oat groat extracts and found that the highest TPC content was as following: methanol 26.17, acetone 12.83, and hexane 8.56 (μg of CE/g). Concerning the DPPH radical scavenging activities, results were the highest for methanol (0.79 μmol TE/g), acetone (0.68 μmol TE/g), and the lowest for hexane oat extract (0.35 μmol TE/g). Tadhani analyzed the total phenolic compounds and found their contents to be 25.18 mg of GAE/g in stevia leaves and 35.86 mg GAE/g in callus on dry weight basis [Tadhani et al., 2007] . The concentrations required to induce a 50% inhibition of the DPPH radicals of stevia leaves and callus in various extracts ranged from 33.17% to 56.82% and were higher for the leaf extract.
The results of FRAP assays showed that the highest reducing potential was determined in the oat drink with addition of tea extract (1986.42 mg FeSO 4 /100 g), while the lowest was in the sample with steviol glycosides (75.85 mg FeSO 4 /100 g). Oat drink enrichment with tea extracts allowed an increase of the reducing potential by up to 24 times, while mulberry extract recorded only a 7-fold increase as compared with the control sample. No similar effect was noted in the samples of oat drink with the addition of steviol glycosides, which activity was similar to the control sample without additives. Five days of storage of oat drinks in a cooler showed that the simultaneous addition of steviol glycosides with mulberry and tea extract contributed to a signifi cant decrease in the FeSO 4 reduction potential (23%). Other additives, however, resulted in activity reduction by approximately 15%.
The analysis of peroxyl radical scavenging ability in the ORAC assay showed a comparable activity of the additives used. In terms of the ORAC values, the examined oat drinks may be ordered as follows: steviol glycosides + yellow tea extract  steviol glycosides + mulberry extract  yellow tea extract  steviol glycosides  mulberry extract < control sample. It was found that the addition of plant extracts and steviol glycosides to the oat drinks negatively affected ORAC activity Sample abbreviations: O -oat; OSM -oat, steviol glycosides, mulberry; OST -oat, steviol glycosides, tea; OM -oat, mulberry; OT -oat, tea; OS -oat, steviol glycosides; DPPH -2,2-diphenyl-1-picrylhydrazyl; ABTS -2,2'-azinobis-(3-ethyl benzothiazoline-6-sulphonic acid) diammonium salt; FRAP -ferric reducing ability of plasma; ORAC -oxygen radical antioxidant capacity; TPC -total phenols content; TE -Trolox equivalent; FAE -ferulic acid equivalents.
Data expressed as mean ± standard deviation (n=3). Values in the same column with different letters are signifi cantly different (p < 0.05). Values in the same row for the assay with different capital letters are significantly different (p < 0.05).
( Table 3 ). The activity comparable to the control sample was recorded in the samples with the mulberry extract (21.17 μmol TE/100 g), steviol glycosides (21.06 μmol TE/100 g), and tea extract (20.26 μmol TE/100 g). The remaining samples were less active. Five-day storage resulted in the increase of ORAC values in the control sample and in the samples with steviol glycosides + mulberry extract and steviol glycosides + tea extract. The other oat drinks were characterized by a decreased activity against peroxyl radicals in the ORAC assay. The studies of Alarcon et al. [2008] indicate the high antiradical potential of tea extracts in combination with fl uorescein (ORAC), where the highest activity was found for an infusion of black tea (2329-2957 mg gallic acid/L), followed by green tea (2086 mg gallic acid/L), and the lowest for white tea (1721 mg gallic acid/L) [Alarcon et al., 2008] . Results reported by other authors also indicate a higher potential for quenching radicals by the extract of green tea compared to red or black teas [Yen & Chen, 1995] . Unfortunately, there are only few reports in the literature on the activity of yellow tea ingredients. A higher radical scavenging activity was demonstrated by the unfermented tea extracts than the fermented ones, but the highest activity was found in the samples with the addition of partially-fermented yellow tea extracts . Therefore, yellow tea has a considerable amount of catechins, but it also contains some products of oxidation, such as theafl avins and thearubigins, that may affect its high antioxidant activity.
Results of the statistical analysis indicated a strong correlation between results of the antioxidant assays: DPPH, ABTS, TPC and FRAP (Table 4) . Antioxidant activity evaluated for oat drinks fortifi ed with plant additives showed the highest compliance for the results of DPPH and ABTS methods as well as DPPH and FRAP. The results obtained in ORAC assays showed a weak negative correlation with antioxidant activity determined with the DPPH, ABTS and FRAP assays, as well as with total phenolics content. Roy et al. [2010] evaluated the structure and activity relationship in radical scavenging assays, and stated that the number of OH substitutions was poorly correlated with the ORAC value of tea components. In conclusion, it enabled presuming that substances exhibiting a lower antioxidant capacity may apply to a pro-oxidant effect via generating reactive oxygen species in an aqueous buffer of physiological pH. In turn, Payne et al. [2013] concluded that the variability between the methods is due to the chemistry behind the assays, as well as inference, reaction kinetics, and quantitation methods.
The results presented by Sun et al. [2006] showed the signifi cant capability of oat components in preventing cholesterol oxidation during heating, proving their strong antioxidative potential. Antioxidants present in oats also stabilize oils and lipids against rancidity, ensuring a stable processed oat product . Antioxidant components such as simple phenolic compounds and avenanthramides in oats (Avena sativa) may have health-promoting effects on humans; however, their concentrations vary within oat genotypes [Chang et al., 2013] . Phenolic acid compositions in whole grains and their fractions were similar, with minor differences observed between the grain fractions of oats, yellow corn and barley and wheat [Ndolo & Beta, 2014] . Emmons & Peterson [2001] measured the antioxidant activity of extracts from oat (Avena sativa L.) groats and hulls and the concentrations of phenolic substances that may contribute to antioxidant activity. Their results showed a signifi cantly higher antioxidant activity of oat groats than hulls, and differences in phenolic compound concentrations among cultivars and between fractions. In general, caffeic acid and the avenanthramides were predominant in groats, whereas higher concentrations of other phenolics were noted in hulls.
The analysis of selected radical scavenging capacities indicates that their values varied depending on the composition of the tested extract and the nature of the radical. Tea catechins can act as antioxidants in the systems by: scavenging, inhibition of enzymes, chelating of metal ions and regeneration of α-tocopherol, stimulation of phase II detoxifi cation enzymes or inhibition of transcription factors [Rice-Evans et al., 1996; Kmiecik et al., 2015] . The use of plant additives such as yellow tea and white mulberry extracts is, therefore, fully justifi ed, as described and confi rmed in the presented research work. The results of many phytonutrients studies indicate that the consumption of selected plant preparations, especially tea and mulberry, would be benefi cial for consumers suffering from diabetes [Jankun et al., 2012; Banu et al., 2015] . What is also signifi cant is that the results of the research showed that oat drinks fortifi ed with plant extracts and steviol glycosides as a sucrose substitute were positively evaluated by consumers ( Figure 1 ). Stevia preparations would benefi t consumers who have to restrict carbohydrate intake within their diet and who enjoy the sweet taste with low calories and glucose level fl uctuations. Considering the health effect of oat consumption, designing of new food products enriched with health-promoting phytonutrients is very important and preferred by consumers [Szakály et al., 2012] . One of the basic elements of food design is adequate composition, also in terms of the sensory characteristic of ingredients. The formulation of food products is based on the most favorable selection of proportions of different components. Consumer evaluations of oat drinks with bioactive additives are shown in Figure 1 . The highest scores for overall desirability were given for oat drinks with the addition of yellow tea extract and mulberry extract, slightly lower results were recorded for the sample with steviol glycosides. The lowest score was noted for the control sample without additives. In terms of aroma, signifi cantly higher scores were obtained by the sample with the addition of steviol glycosides and tea, followed by that without additives, and that with steviol glycosides. Consumers preferred the taste of oat drinks with mulberry and mulberry + steviol glycosides. The lowest acceptability was given to the control sample and the one with the addition of steviol glycosides. The most desirable color was declared for the oat drink with the addition of mulberry followed by the one without additives, while the least desirable was the sample with steviol glycosides. Consumer rating of drink consistency showed that the most favorable compared to the control was the sample containing steviol glycosides with tea extract. It should be noted that the results of the taste evaluation and overall desirability were similar, which indicates that in the choice of drinks consumers are primarily guided by taste.
CONCLUSIONS
In this study, the formula for an oat drink enriched with antioxidant phytochemicals was established. Results of the oat drinks proximate composition analysis showed moderate differences in the content of protein, lipids and fi ber fractions, indicating the infl uence of the plant extracts added. Sensory evaluation of the designed oat drinks showed that the addition of steviol glycosides from Stevia rebaudiana was preferably received by consumers. Also, the mulberry and yellow tea extracts benefi cially infl uenced the overall acceptance of phytonutrients fortifi ed oat drinks. Among the oat drinks, the best antioxidant activity was recorded in the samples with the addition of the yellow tea extract. Results demonstrate a decrease in antioxidant activity, FRAP values and total phenols content after 5 days of storage.
Based on literature data, it can be concluded that the antiox idant properties of food are involved in the prevention and treatment of many diseases. Drinks made according to the designed formulation, using phyto-preparations, could have a benefi cial health effect. Nevertheless, the fact that food is rich in antioxidants, it could be identifi ed as intended for people with diabetes, cardiovascular diseases and other ailments caused by the disturbance of the red-ox homeostasis in the human body. The present research would help to expand scientifi c knowledge and indicate the possible applications in human trials evaluating the antioxidant infl uence of oat drinks fortifi ed with steviol glycosides, mulberry and tea extracts. In summary, an oat drink fortifi ed with plant extracts could be a potential alternative phenolic-rich functional food in grain-based food products. Moreover, plant extracts, with high functionality and nutritional value, can be employed in other food products as a suitable alternative to synthetic antioxidants.
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